A novel representative of the yeast genus Pichia has been recovered 190 times during the period 1971 to 1976. We regard this organism as belonging to a new species, Pichia cactophila. Strains were found in the necrotic tissue of 16 species of cactus and'in the crops of 3 species of Drosophila which utilize the cacti as host plants. Isolates were obtained from widely separate geographic localities (throughout Mexico, Southwestern United States, and Hawaii). The new species forms predominantly two-spored asci. Both homothallic and heterothallic strains were observed. The metabolic capability of P. cactophila, like that of P. membranaefaciens, is limited to oxidative utilization of only a few compounds. P. cactophila can be differentiated from P. membranaefaciens by its strong growth on D-glucosamine and by the lower guanine-plus-cytosine content (36.3 to 37.5 mol%) of its nuclear deoxyribonucleic acid. The type strain of P. cactophila is UCD-FST 76-243A (= ATCC 34932 = CBS 6926).
A novel representative of the yeast genus Pichia has been recovered 190 times during the period 1971 to 1976. We regard this organism as belonging to a new species, Pichia cactophila. Strains were found in the necrotic tissue of 16 species of cactus and'in the crops of 3 species of Drosophila which utilize the cacti as host plants. Isolates were obtained from widely separate geographic localities (throughout Mexico, Southwestern United States, and Hawaii). The new species forms predominantly two-spored asci. Both homothallic and heterothallic strains were observed. The metabolic capability of P. cactophila, like that of P. membranaefaciens, is limited to oxidative utilization of only a few compounds. P. cactophila can be differentiated from P. membranaefaciens by its strong growth on D-glucosamine and by the lower guanine-plus-cytosine content (36.3 to 37.5 mol%) of its nuclear deoxyribonucleic acid. The type strain of P. cactophila is UCD-FST 76-243A (= ATCC 34932 = CBS 6926).
During a recent survey of yeasts associated with necroses of cacti of the North American Sonoran Desert (4, 14), we consistently isolated yeasts that were identified (5) as Pichia membranaefaciens Hansen. Subsequently we extended the range of our survey of the Sonoran Desert to include most of the peninsula of Baja California, Mexico. The resulting increase in the number of yeast isolates (ca. 500) added a large number of additional strains at f i s t considered to belong to P. membranaefaciens. However, slight but consistent differences in the assimilation pattern of carbohydrates, correlated with host-plant specificity and determinations of the nuclear deoxyribonucleic acid (DNA) base compositions of representative strains, revealed that the isolates represented several homogeneous groups distinct from P. membranaefaciens. The guanine-plus-cytosine (G+C) contents of the DNAs of the different groups were found to be 8 to 16 percentage points lower than that of P. mem branaefaciens. By the currently used identification procedures, however, these groups were not sufficiently distinct from the standard description of P. membranaefaciens to be considered separate species. Nevertheless, the intragroup homogeneity with respect to nuclear DNA base composition was suggestive of a new species. It was found that the new species, to be described in this paper, can be differentiated from P. membranaefaciens by its strong growth on D-glucosamine, which compound is not or is only weakly assimilated by the latter species. We have named the new species P. cactophila (cac.to'phi.la. M. L. mas. n. Cactus generic narne of cactus; Gr. adj. philus loving; M. L. adj. cactophilus cactus-loving) on the basis of its frequent recovery from many species of cacti found in widely separated geographic areas. The other yeasts that we have recognized as new species will be described in subsequent reports.
MATERIALS AND METHODS
Samples of necrotic cactus tissue were collected in various areas of the North American Sonoran Desert (Fig. 1) . A few samples were obtained from cacti in the Oaxaca area of Southern Mexico, and a single isolate came from a cactus on the island of Hawaii ( Table 1) . Most of the isolations were done by streaking a loopful of necrotic tissue directly on acidified yeast extractmalt extract agar (AYM; Difco YM agar plus 0.7%
[vol/vol] 1 N HC1, pH 3.7 to 3.8) in the field. In some cases dilutions of the tissue were made in sterile water as described earlier (14). The plates were stored at ambient temperatures (24 to 30°C) until colonies appeared. Counts of morphologically distinct colony types were then made, and a representative of each type was brought into pure culture by two successive platings on YM agar for identification. On the isolation medium, colonies of the new species were recognized with a fair degree of confidence, for they were flat, rather spreading, semiglossy to dull, and sometimes possessed a textured surface or a finely ciliate border.
Some isolates were obtained from adult drosophilae captured near cacti with necrotic tissue. The flies were surface-sterilized in 70% ethanol (for about 1 min), rinsed in 10 ml of sterile water, and then squashed and streaked directly on AYM agar plates in the field.
Identification was done by standard methods currently used in yeast taxonomy (16 procedures of Marmur (7) and Bernardi et al. (1) . The G+C content (moles percent) of the DNA was calculated from buoyant density values in cesium chloride (11, 15) and was based on two to three separate determinations. Micrococcus lysodeikticus DNA, with a buoyant density of 1.7311 g/ml, was used as a reference. The buoyant density of the &I. lysodeikticus DNA was derived from comparison with Escherichia coli K-12 DNA, whose buoyant density was taken to be 1.7100.
Single ascospores were isolated from asci with a micromanipulator (3) after treatment of the sporulating suspension of cells and asci with the cell walldigesting enzyme zymolyase.
RESULTS
Latin diagnosis of the new species: Pichia cactophila sp. nov. In extract0 malti cellulae ovoideae, (1.8-5.7) x (2.9-9.0) pm, singulae, binae, aut in catenis brevis; sedimentum, annulus et pellicula crispulata non-nitida formantur. Cultura in agaro malti post unum mensem (20°C) cremea, glabra, semi-nitida, mollis; margine glabro, undulato, interdum vel pseudomycelium rudimentum. In agaro farinae Zea mais post dies 10, pseudomycelium nullum aut rudimentum.
Species homothallica aut heterothallica, diploidea. Asci inconjugati fiunt, habentes 2 sporos pileiformos (raro 4) in quoque asco; asci rumpunter.
Fermentatio glucosi nulla aut exigua. Glucosum, glucosaminum, ethanolum, glycerolurn, acidum lacticum (variabile), acidum succinicum, et acidum citricum (raro nullum) assimilantur at non galactosum, L-sorbosum, maltosum, saccharum, cellobiosum, trehalosum, lactosum, melibiosum, raffinosum, melezitosum, inulinum, amylum solubile, D-XylOSUm, L-arabinosum, Darabinosum, D-ribosum, L-rhamnosum, methanolum, erythritolum, ribitolum, galactitolum, mannitohm, glucitolum, a-methyl-D-glucosidum, salicinum, glucono-&lactonurn, 2-et 5-ketogluconatum nec inositolum.
Kalium nitricum et kalium nitrosum non assimilantur.
Ethyl aminum assimilatur.
Ad crescentiam thiaminum et pyridoxinum
Crescere potest in 40-45°C. Mol% G+C = 36.9, u2 = 0.148. Typus: Stirps UCD (FS&T) 76-243A ex tabidosis sacculis cacti Lemaireocerei thurberi Rancho San Martin, Baja Californiensis isolata est.
Description of P. cactophila Growth in malt extract: After 3 days the cells are ovoid to slightly elongate and measure 1.8 to 5.7 x 2.9 to 9.0 pm. They occur singly, in pairs, and in short chains or small clusters of four to seven cells. Budding occurs on broad shoulders or multilaterally. A finely wrinkled, dull, ascending pellicle is formed, and there is a small amount of sediment.
Growth on malt extract agar: After 3 weeks the streak culture is cream colored, the surface is smooth and dull to semiglossy, the texture is soft, the cross section is flat, and the border is slightly lobed or entire, sometimes showing rudimentary development of pseudomycelium.
Dalmau plate culture on cornmeal agar: Pseudomycelium formation is absent or rudimentary.
Formation of ascospores: The cells are diploid, and most strains produce two hat-shaped spores which are liberated from the ascus at maturity. In rare cases four-spored asci were observed among two-spored asci (Fig. 2) . The two-spored strain 17 is homothallic since isolated single spores developed into ascosporulating clones. A few strains produced predominantly four-spored asci, which lyse upon maturity. Strain 118 was shown to be heterothallic by single-spore isolation from four-spored asci. Sporulation is best on YM agar after 5 to 7 days at room temperature.
Fermentation of glucose: Most strains do not produce gas. Others may produce a bubble at 9 days, which may increase to 20 to 40% of the inverted vial in 21 days.
Assimilation of carbon compounds: Glucose, glucosamine, ethanol, glycerol (latent), DL-lactic necessariae sunt. G+C content of the nuclear DNA: 36.9 mol%, c? = 0.148 (based on 9 strains [Table 21 ).
Habitat: One hundred ninety strains were isolated during the period 1971 to 1976 from a wide variety of cactus species and over a wide geographic area (see Fig. 1 and Tables 1 and 3) .
Type: The type strain, UCD-FS&T 76-243A, isolated from necrotic tissue of Lemaireocereus thurberi (organ pipe cactus) near Rancho San Martin, Baja California Sur, Mexico, has been deposited in the collection of the Yeast Division of the Centraalbureau voor Schimmelcultures in Delft, The Netherlands, as CBS 6926 and in the American Type Culture Collection, Rockville, Md., as ATCC 34932.
DISCUSSION
Among the new Pichia species that we have recognized in cactus rots, P. cactophila shows the widest distribution, both in terms of geography and host-plant specificity (Table 3) . It was isolated from all species of cactus throughout the entire North American Sonoran Desert. Some isolates were recovered from cacti or drosophilae outside the Sonoran Desert, namely, strain 190 from Opuntia megacantha on the island of Hawaii and strains 171-189 from various cacti growing in southern Mexico; one strain (Table 2 ) had been isolated in 1950 from the crop of Drosophila pseudoobscura Frolowa at Pinon Flat (southern California) by Shehata (A. M. El-Tabey Shehata, Ph.D. thesis, University of California, Berkeley, 1950). This last strain was initially considered as belonging to a new species of Pichia by Shehata, but it was later regarded as a strain of P. membranaefaciens (12) .
The metabolic capability of P. cactophila, like that of P. membranaefaciens, is limited to the oxidative utilization of only a few compounds (see standard description of P. cactophila) . The only phenotypic property that distinguishes the two species is the strong growth exhibited by P. cactophila on D-glUCOSamine, a compound not were utilized for all other strains. SD, Standard deviation. P. cactophila is distinctly different from P.
mem branaefaciens in DNA base composition: the former shows a range of 36.3 to 37.5 mol% and the latter has a range of 42 to 44 mol% G+C (8, 9). In addition to its ability to utilize Dglucosamine, the cactus habitat of P. cactophila is helpful in separating the physiologically similar P. membranaefaciens. Although P. cactophila had been regarded as a strain of P. memEranaefaciens (4, 14), the present taxonomic study indicates that P. membranaefaciens is not associated with necrotic cactus tissue. A parallel ecological situation exists for certain isolates of P. membranaefaciens. This species (also referred to as P. siluestris, later regarded as synonymous with P. membranaefaciens [5] ) is known to occur in slime fluxes of temperate trees (lo), and it has been isolated from tree fluxes in which immature stages of drosophilae were found (2,4). The similarity in ecology and phys-iology of P. membranaefaciens and P. cactophila suggests that they are closely related, but the wide differences in their DNA base compositions indicates the possibility of evolutionary convergence. This in large part depends on the proximal causes of DNA changes before and after yeast "speciation." A better understanding of the relationship of the two taxa might be established through comparative studies of yeasts found in tree fluxes of desert and tropical regions, especially in localities where trees and cacti are known to have been sympatric for some time. A comparison of molecular changes that could establish evolutionary distance (e.g., micro-complement fixation and nucleic acid base sequence comparison) would also be helpful in elucidating the evolutionary relationships of Pichia species inhabiting tree fluxes and cactus rots. Phylogenetic considerations remain speculative, but ecological knowledge combined with modern biochemical techniques could provide promising data for future studies in yeast phylogeny. A comparison of G+C values for strains of P. cactophila isolated from the Sonoran Desert (strains 14,52,69, and 118) with those found outside this region (strains 171, 175, 182, 190, and 50-44) shows that the two distinct geographic groups exhibit significantly different means ( t = 2.53, a = 0.05). The mean G+C value of strains outside of the Sonoran Desert is higher than the mean of strains within the desert by 0.51 mol%. We are continuing to explore the evolutionary significance of this difference. The large number of isolates and the widely separated geographic localities of isolation (Table l and Fig. 1 ) provide valuable material for intraspecific population studies. Very few eucaryotic microorganisms have been investigated for allozyme variation (see Spieth [13] for an analysis of Neurospora intermedia). Although most strains of P. cactophila are assumed to be homothallic, a study of conspecific populations for variability of isozymes and inferred allozyme variation is likely to be rewarding.
